INTRODUCTION
Multiple stressors associated with the weaning process can delay the initiation of feed consumption leading to the occurrence of villous atrophy and diarrhea symptoms (Pluske et al., 1997) . As a consequence, weanling pigs can have reduced feed intake and lower rates of growth associated with many health disorders during the first week postweaning (Dong and Pluske, ABSTRACT: Four experiments were conducted to evaluate effects of yeast-dried milk (YDM) product in creep and phase-1 nursery diets. In Exp. 1, 24 parity-4 litters were allotted to 3 dietary treatments (8 litters/treatment) including no creep (NC), control creep (CTL), and experimental creep (EC; 10% YDM). Creep diets were fed twice daily from d 7 after birth until weaning (23.6 ± 1.8 d). In Exp. 2, 108 weaned pigs were selected based on mean BW of pigs from the respective treatments in Exp. 1. For phase 1 (d 0 to 7 postweaning) of Exp. 2, NC and CTL pigs were fed the CTL diet and EC pigs continued to receive the EC diet. For phase 2 and 3 (d 7 to 28 postweaning) of Exp. 2, all pigs received a common diet containing antibiotics. Blood and fecal samples were collected on d 0, 7, 14, and 21 postweaning to evaluate serum IgA and fecal microbiota. In Exp. 1, pigs fed EC and CTL tended to have greater (P < 0.10) weaning BW compared with NC pigs. Pigs fed EC had greater (P < 0.05) ADFI compared with CTL pigs. In Exp. 2, pigs fed EC tended to have greater BW (P < 0.10) and greater ADG (P < 0.05) and ADFI (P < 0.01) compared with CTL and NC pigs (d 0 to 28). For serum IgA, EC and CTL pigs tended (P < 0.10) to have greater IgA compared with NC pigs. For microbial data, EC pigs had greater (P < 0.01) microbial diversity compared with CTL (d 7 postweaning). On d 7 and 21 postweaning, microbial similarity decreased (P < 0.01) in pigs fed EC compared with NC and CTL. Overall (d 0 to 14), lactobacilli gene copy numbers tended (P < 0.10) to be greater in EC (7.3 log 10 ) compared with NC pigs (6.9 log 10 ). In Exp. 3, 23 parity-1 litters were allotted to 3 dietary treatments as described for Exp. 1. In Exp. 4, 108 weaned pigs were selected based on mean BW of all pigs from Exp. 3 and dietary treatments were the same as described for Exp. 2 except no antibiotic was included in phase-2 diet. In Exp. 3, there were no treatment effects on litter ADFI, ADG, and serum IgA, but a tendency (P < 0.10) for lower Lactobacillus reuteri in the CTL (5.1 log 10 ) compared with NC pigs (5.6 log 10 ) was observed. Overall (d 0 to 21) in Exp. 4, pigs fed EC had greater ADG (P < 0.01) and G:F (P < 0.05) and tended to exhibit greater ADFI (P < 0.10) compared with the CTL. For microbial data, pigs fed CTL (4.8 log 10 ) and EC (4.8 log 10 ) had lower (P < 0.01) fecal Lactobacillus johnsonii compared with NC (5.2 log 10 ). Microbial ecology and immune parameters are affected by YDM.
2007). Several approaches have been investigated to improve feed intake and growth rate in weanling pigs including dietary and nondietary strategies. Creep feeding is one management practice that has been used to improve the adaptation of weanling pigs to solid feed . Creep feeding may potentially decrease the lag time between weaning and the first feed consumption, which is critical for future weanling pig performance (Barnett et al., 1989; Mathew et al., 1994; Kuller et al., 2007) .
In terms of nutrition, providing highly digestible and palatable starter diets to support the digestion and absorption of nutrients is a strategy to increase growth rate and health of weanling pigs. Inclusion of lactose, a highly digestible source of carbohydrates, and yeastdried milk (YDM; 50% near-dated milk and 50% dried yeast) improved growth performance in pigs postweaning (Tran et al., 2012) . This research also showed that the inclusion of lactose and YDM in diets shifted the microbial population in nursery pigs, especially with respect to the putative Lactobacillus species.
Although there are positive effects of YDM in diets containing lactose on growth and fecal microbes of nursery pigs (Tran et al., 2012) , there is no information on the incorporation of this product in creep feed and its effects on growth rate, immunity, and gastrointestinal health of nursing and nursery pigs. Therefore, the objectives of these experiments were to evaluate effects of YDM in creep feed and phase-1 nursery diets on growth performance, fecal microbiota, and circulating IgA of nursing and nursery pigs.
MATERIALS AND METHODS
The experimental protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the University of Nebraska, Lincoln, NE.
Animals, Experimental Design, and Dietary Treatments
Experiment 1. Twenty-four parity-4 litters (Danbred sire × Nebraska female) were blocked by their anticipated farrowing dates and assigned to 2 rooms (12 litters/room). Cross-fostering was conducted within 3 d to maintain 10 to 11 pigs/litter. Treatments were randomly assigned to litter within each room (8 litters/treatment) at birth. Yeast-dried milk product used in the experimental diets was produced from 50% dried brewer's yeast and 50% dried near-dated milk (International Ingredient Corp., St. Louis, MO). This product contained 32.5% CP, 17.5% lactose, and 2.33% Lys (analyzed composition). Dietary treatments (Table 1) were 1) no creep (NC), 2) control creep (CTL), and 3) experimental creep (EC; 10% YDM). Creep diets contained 1.50% standardized ileal digestible Lys and creep feeding was initiated on d 7 postfarrowing and continued until weaning (d 21) in a snap-in creep feeder (Kane Manufacturing Company Inc., Des Moines, IA). Each litter was monitored twice daily (at 0800 and 1400 h) and creep feeders were refilled as needed. Wet creep feed was removed, dried, and weighed and creep feeders were refilled with fresh feed daily around 0800 h. General health problems and medications administered to sows and nursing pigs were monitored and recorded. Litter size and individual pig weights were recorded at birth and d 7, 14, and 21 postfarrowing. Creep feed disappearance was recorded on d 7, 14, and 21 postfarrowing. Pig BW and creep feed disappearance were used to calculate ADG and ADFI. Blood samples were collected on d 21 from all pigs using glass tubes containing no anticoagulant. Fecal and blood samples from selected pigs were taken at weaning before allocation to the nursery study (Exp. 2). Blood samples were allowed to clot at room temperature and stored at 4°C before harvest of serum by centrifugation (20 min at 2,000 × g at 4°C). Serum and fecal samples were stored at -20°C for subsequent analyses.
Experiment 2. A total of 108 weaned pigs (18 barrows and 18 gilts/treatment; weaning age: 23.6 ± 1.8 d) were selected based on the mean BW of pigs from each of the 3 treatments in Exp. 1 and assigned to 1 of 18 pens (6 pens/treatment). All pigs were housed in a temperature-controlled room with 1 water nipple, 1 self-feeder, and continuous lighting. Pigs were fed ad libitum in a 3-phase feeding program including phase 1, d 0 (weaning) to 7; phase 2, d 7 to 21; and phase 3, d 21 to 28. Pigs fed creep diets during Exp. 1 maintained the same diets during phase 1 of Exp. 2. The NC pigs in Exp. 1 were fed the CTL in phase 1 of Exp. 2. All pigs were fed a common diet containing antibiotic (1% Mecadox 2.5; Phibro Animal Health Corporation, Ridgefield Park, NJ) in phase 2 and 3. Pig and feeder weights were recorded at weaning (d 0) and weekly thereafter for the duration of the experiment to calculate ADG, ADFI, and G:F. On d 0, 7, 14, and 21, blood samples were collected from all pigs via jugular venipuncture before weighing using glass tubes containing no anticoagulant. Serum was harvested following centrifugation (20 min at 2,000 × g at 4°C). Fecal samples were obtained directly from the rectum using a fecal loop from 2 pigs/pen (12 pigs/ treatment) and the same pigs were sampled at every time point to evaluate fecal microbial profiles.
Experiment 3. This study had the same experimental and treatment design as described in Exp. 1, except 23 parity-1 litters (Danbred sire × Nebraska female; 7 to 8 litters/treatment) were used. Creep diets were formulated as in Exp. 1 with some modifications on ME composition and corn oil inclusion (Table 1 ). The same animal facility and housing management were used in both Exp. 1 and 3.
Litter Performance. Creep feeding was initiated on d 7 postfarrowing and continued until d 21 (weaning). Litter data were collected as described in Exp. 1 with the exception that during Exp. 3, blood and fecal samples were obtained during the nursing period in addition to the nursery period. Specifically, 4 pigs per litter were randomly chosen and an ear tag was assigned to each pig for identification. Fecal and blood samples were collected at d 7, 14, and 21 postfarrowing and the same pigs were sampled at each time point. Blood and fecal samples were processed as described above.
Experiment 4. A total of 108 weaned pigs (18 barrows and 18 gilts/treatment; weaning age: 23.5 ± 1.8 d) were selected based on the average BW of all pigs in Exp. 3 and randomly allotted to 1 of 18 pens (3 barrows and 3 gilts/pen and 6 pens/treatment). Both Exp. 2 and 4 were conducted similarly except for the following modifications: 1) Exp. 4 was a 2-phase feeding study including phase 1 (d 0 to 7) and phase 2 (d 7 to 21); 2) in Exp. 4, no antibiotic was included in the common, phase-2 diet; and 3) in Exp. 4, pigs were selected based on the average BW of all pigs in the nursing period (Exp. 3).
Circulating IgA Analysis
In all experiments, serum concentration of IgA was quantified using a porcine-specific ELISA (Bethyl Laboratories, Montgomery, TX) per the manufacturer's instructions. The range of detection was 7.81 to 1,000 ng/mL and the sensitivity was 2.0 ng/mL. The intra-and interassay CV for serum IgA were 2.6, 3.5, and 2.0% and 4.7, 4.1, and 4.5%, respectively, for Exp. 2, 3, and 4.
Analysis of Fecal Microbial Populations
All fecal samples were stored in PBS at -20°C before DNA was extracted as described by Martínez et al. (2009) . Total fecal bacteria were evaluated by using denaturing gradient gel electrophoresis (DGGE) and realtime quantitative PCR (qPCR) was used to quantify total gene copy numbers for total lactobacilli, Lactobacillus johnsonii, and Lactobacillus reuteri (Walter et al., 2000) .
Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis Analysis. To evaluate fecal microbial profiles, a pair of universal primers was used to amplify the V2-V3 region of the 16S rRNA gene (Ovreas et al., 1997) . Subsequently, the PCR products were used for DGGE analysis as described previously (Walter et al., 2000; Martínez et al., 2009) .
Quantification of Total Lactobacilli, Lactobacillus johnsonii, and Lactobacillus reuteri using Real-Time Quantitative PCR. Primer sequences for lactobacilli, L. johnsonii, and L. reuteri quantification using real-time qPCR are presented in Table 2 . Absolute quantification of gene copy numbers per nanogram of fecal genomic DNA was conducted using standard curves generated from bacterial plasmid DNA. The PCR reaction was conducted in triplicate in a 384-well plate (Applied Biosystems, Foster City, CA) using the 7900HT Fast Sequence Detection System (Applied Biosystems). Each PCR reaction was completed in 10 μL volume and consisted of 5 μL of EXPRESS SYBR GreenER qPCR Supermix Universal (Invitrogen, Carlsbad, CA), 0.2 μM each of primer, 5 μM ROX dye reference, and 1 μL of genomic or plasmid DNA. The amplification program was 50°C for 2 min, 95°C for 2 min, and 40 cycles of 95°C for 15 sec and 60°C for 1 min. To evaluate the specificity of the reaction, a dissociation curve, including a step of 95°C for 15 sec, 60°C for 15 sec, and a final step of 95°C for 15 sec, was completed after each run.
Plasmid DNA and Standard Curve Preparation. Bacterial DNA was isolated from L. johnsonii (for quantification of total lactobacilli and L. johnsonii) and L. reuteri (for quantification of L. reuteri) to establish the plasmid standard curves. Bacterial DNA was extracted from overnight cultures using the same procedure for fecal DNA extraction and used as a template for PCR amplification. The PCR reaction consisted of 25 μM each of specific primer, 1 μL bacterial DNA, 2.5 units of rTaq polymerase (Takara Bio Inc., Otsu, Shiga, Japan), 2.5 mM deoxyribonucleotide triphosphate, 25 μg of BSA, and reaction buffer. Amplification program was 94°C for 2 min; 35 cycles of 94°C for 30 s, 61°C for 1 min, and 68°C for 1 min; and a single extension at 68°C for 7 min (Walter et al., 2001) . Cloning preparation was conducted at the Nebraska Center for Virology, University of Nebraska, Lincoln, NE. Briefly, PCR product was ligated to pGEM-T vector and transformed into Escherichia coli cells following the instruction of the manufacturer (catalog number A3600; Promega, Madison, WI). Transformed E. coli was cultured on lysogeny broth agar plates containing penicillin and representative colonies were harvested and inoculated into lysogeny broth overnight. Plasmid DNA was purified using QIAprep Spin Miniprep kit (Qiagen, Valencia, CA) following the manufacturer's instructions. The harvested DNA product was digested using restriction enzymes to confirm the size of the PCR product. The insert clone was sequenced by a commercial service. The DNA sequence was compared with reference DNA sequences using the basic local alignment search tool (BLAST) tool in the National Center for Biotechnology Information database (http://blast. ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_ Biosystems, 2003) . A 10-fold serial dilution of plasmid DNA was prepared to obtain the detection range of 3 log 10 to 10 log 10 gene copy numbers. The prediction of bacterial gene copy number of unknown samples was completed with standard curves having R 2 ≥ 0.99 (for total lactobacilli and L. johnsonii and L. reuteri).
Statistical Analysis
All data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC). All means were presented as least-squares means (±SEM) and pairwise contrasts (pdiff option of SAS) were used for comparison among means. Experiments 1 and 3 were analyzed as randomized complete block designs with room as the blocking variable. Each litter was considered an experimental unit and a random effect, and the statistical model included dietary treatment and room as fixed effects. In Exp. 1, there was a tendency of difference among treatments on birth BW. Therefore, birth BW was used as a covariate on statistical model for weaned BW and ADG analyses. In Exp. 2 and 4, each pen was an experimental unit and a random effect and the statistical model included treatment as a fixed effect. In Exp. 2, weaned BW was used as a covariate on statistical model for BW and ADG analyses because there were differences among treatments on weaned BW. Gene copy number of bacteria was transformed (log 10 ) before statistical analysis. The threshold for significance was established at P-values < 0.05. If P-values were greater than 0.05 and less than 0.10, a tendency of significance was reported. No comparison was conducted if P-values were greater than 0.10.
RESULTS

Growth Performance
Experiment 1 Litter Performance. Litter performance is presented in Table 3 . There was a tendency (P = 0.095) of difference among treatments on birth BW of pigs. Therefore, birth BW was used as a covariate to analyze weaning BW. Pigs fed CTL and EC tended (6.63 and 6.68 vs. 6.08 kg; P < 0.10) to have greater weaning BW compared with NC pigs. In wk 1 (d 7 to 14 after birth), pigs fed EC had greater ADFI (20 vs. 14 g; P = 0.046) compared with pigs fed CTL diet. However, there was no difference among treatments on ADG. For wk 2 (d 14 to 21 after birth), greater ADG (286 and 292 vs. 238; P < 0.05) in pigs fed CTL and EC diets compared with NC pigs and greater ADFI (24 vs. 13 g; P = 0.046) in EC pigs compared with CTL pigs were observed. Overall (d 7 to 21 after birth), greater ADFI (22 vs. 14 g; P = 0.025) was observed in EC compared with CTL pigs.
Experiment 2 Nursery Performance. In Exp. 2, pigs were selected based on average BW of the respective treatment; thus, the differences on weaning BW observed for the creep experiment (Exp. 1) were maintained in the group of pigs allotted to the nursery experiment (Exp. 2; Table 4 ). There were differences among treatments on initial pig BW (d 0) where pigs fed CTL and EC, respectively, had greater (7.39 and 7.59 vs. 6.59 kg; P < 0.01) initial BW compared with NC pigs. Using initial BW as a covariate for BW statistical analyses, there was a trend (21.45 vs. 20.01 kg; P = 0.059) for greater BW in pigs fed EC compared with the CTL pigs at the end of the experiment (d 28). At the end of phase 1 (d 0 to 7), pigs fed EC had greater ADG (283 vs. 196 and 157 g; P < 0.01) and ADFI (261 vs. 196 and 159 g; P < 0.01) compared with CTL and NC pigs, respectively, but no differences in G:F were observed. At the end of phase 2 (d 7 to 21) when all pigs were fed a common diet, greater (757 vs. 662 and 621 g; P < 0.05) ADFI in pigs fed EC compared with CTL and NC pigs was observed. There was no difference in ADG between pigs fed CTL and EC diets for phase 2, but pigs fed EC had greater (538 vs. 452 g; P < 0.05) ADG compared with NC pigs. At the end of phase 3 (d 21 to 28), there was greater (1,069 and 1,149 vs. 967 g; P < 0.05) ADFI in CTL and EC pigs compared with NC pigs. Overall (d 0 to 28), pigs fed EC tended to have greater ADG (528 vs. 452 and 421 g; P < 0.05) and greater ADFI (731 vs. 647 and 592 g; P < 0.01) compared with CTL and NC pigs. Experiment 3 Litter Performance. There were no differences among treatments for nursing pig BW, ADG, or ADFI in Exp. 3 (Table 5) .
Experiment 4 Nursery Performance. Nursery growth performance is presented in Table 6 . There were no differences among treatments on BW at d 0. However, pigs fed EC had greater (13.67 vs. 12.48 kg; P < 0.05) BW compared with pigs fed the CTL diet at d 21 postweaning.
At the end of phase 1 (d 7), no differences among treatments for ADG and ADFI were observed. However, pigs fed EC diets had greater (977 vs. 886 and 882 g/kg; P < 0.01) G:F compared with the NC-or CTL-fed pigs, respectively. At the end of phase 2 (d 7 to 21; all pigs fed a common diet without YDM), EC and NC pigs had greater ADG (408 and 395 vs. 323 g; P < 0.01), ADFI (561 and 537 vs. 473 g; P < 0.05), and G:F (729 and 734 vs. 680 g; P < 0.05) compared with pigs fed CTL diet.
Overall (d 0 to 21), pigs fed EC had greater ADG (338 vs. 280 g; P < 0.01) and G:F (767 vs. 719 g/kg; P < 0.05) and tended to have greater ADFI (441 vs. 388 g; P < 0.10) compared with pigs fed the CTL diet.
Circulating IgA Experiment 2. There were no treatment × time interactions on circulating IgA of the nursery pigs (Fig.  1A) . Overall (d 0 to 21 postweaning), pigs fed CTL and EC tended to have greater (P < 0.10 and P < 0.05, respectively) circulating IgA compared with NC-fed pigs. However, there were no differences on IgA between the 2 creep-fed groups (CTL and EC; Fig. 1B ). In addition, concentrations of circulating IgA were affected (P < 0.001; Fig. 1C Experiments 3 and 4. In both Exp. 3 and 4, there were no differences among treatments on circulating IgA (Fig.  2 and 3) . However, time effects (P < 0.001) were observed. In the nursing period (Exp. 3), circulating IgA maintained the greatest concentration on d 7 and decreased until d 21 postfarrowing (P < 0.001; Fig. 2B ). The circulating IgA during the nursery period remained relatively constant throughout the first week after weaning and increased until d 21 (time effect; P < 0.001; Fig. 3B ). Means in the same row with different superscript differ (P < 0.01).
NC = no creep; CTL = control creep; EC = experimental creep (10% yeast-dried milk).
2 A total of 108 weaned pigs (18 barrows and 18 gilts/treatment) were selected based on the mean BW of pigs from each of the 3 treatments in Exp. 1 and assigned to 1 of 18 pens (6 pigs/pen and 6 pens/treatment). In phase 1 (d 0 to 7), the CTL and EC pigs were continually fed their respective creep diets from Exp. 1 and the NC pigs were fed control creep diets. All pigs were fed a common diet in Phase 2 (d 7 to 21) and 3 (d 21 to 28). Wean BW (d 0) was used as a covariate for statistical analyses of BW. 
Denaturing Gradient Gel Electrophoresis Analyses of Total Fecal Microbiota of Creep-Fed and YeastDried Milk-Fed Pigs
Experiment 2. Similarity indexes within treatment were different (P < 0.01; Table 7 ) on d 0, 7, and 21, when EC-fed pigs had lower similarity index compared with NC and CTL pigs. In addition, pigs fed EC had lower (P < 0.01) Simpson index (d 7 postweaning) and tended (P < 0.10) to have greater Shannon index (d 21 postweaning) compared with CTL pigs.
Experiment 4. The EC pigs had lower (P < 0.001; Tables 9, 12 , and 13. There were no treatment effects on L. johnsonii and L. reuteri but a there was tendency of greater (7.31 vs.
6.94 log 10 ; P < 0.10; Tables 9 and 12) gene copy number of total lactobacilli in EC-fed pigs compared with NC pigs. This result suggests that creep feed containing YDM may increase total lactobacilli in nursery pigs. Throughout Exp. 2, there was a time (age) effect (P < 0.001; Tables 9 and 13) on gene copy number of total lactobacilli, L. johnsonii, and L. reuteri in gastrointestinal tract (GIT) of the pigs where lactobacillus gene copy number had the lowest quantity at weaning (6.70, 5.22, and 5.14 log 10 for lactobacilli, L. johnsonii, and L. reuteri, respectively) and the greatest quantity on d 7 (7.46, 5.71, and 6.30 log 10 for lactobacilli, L. johnsonii, and L. reuteri, respectively). On d 14 postweaning, gene copy number of lactobacilli was similar (7.24 vs. 7.46 log 10 ) Means in the same row with different superscript differ (P < 0.01).
x,y Means in the same row with different superscript differ (P < 0.10). 1 NC = no creep; CTL = control creep; EC = experimental creep (10% yeast-dried milk).
2 Similarity within group was calculated by Pearson's correlation using Bionumeric software version 5.0 (Applied Math, Kortrijk, Belgium).
3 Diversity indices were calculated based on the intensities and percentage of peak surface area relative to the entire fingerprinting of a sample. A greater Shannon's index and a lower Simpson's index represent greater microbial diversity. (Tables 10, 12 , and 13). There were no differences in gene copy number of lactobacilli and L. johnsonii. However, a shift in L. reuteri was observed where pigs fed the CTL diet tended to have lower (5.14 vs. 5.60 log 10 ; P < 0.10) L. reuteri compared with NC pigs. Pigs fed the EC diet had similar (Table 12 ) L. reuteri compared with NC and CTL pigs. There was time (Tables 11, 12 , and 13). Pigs fed CTL and EC pigs had lower (4.83 vs. 5.20 log 10 ; P < 0.01; Tables 11 and 12) L. johnsonii gene copies compared with NC pigs. However, there were no differences among treatments for total lactobacilli and L. reuteri.
DISCUSSION
Our results indicate that creep feeding tends to increase BW of nursing pigs compared with NC feeding (Exp. 1). This result is in agreement with previous observations (Appleby et al., 1992; Fraser et al., 1994; Lawlor et al., 2002; Tran et al., 2012) , although it differs from other reports (Bruininx et al., 2002; Sulabo et al., 2010a,b) . Indeed, the effects of creep feeding on nursing pigs vary greatly among pigs within a litter and among litters (Barnett et al., 1989; Sulabo et al., 2010a) . The discrepancy between our results regarding the effectiveness of creep feeding and other research may be a result of differences in genetics, weaning age, duration of creep feeding, and creep diet composition. When pigs were categorized based on the amount of creep feed consumption, Sulabo et al. (2010a) reported that creep eaters had greater ADG and BW gain (from d 0 to 28 postweaning) compared with noneaters. Kuller et al. (2007) indi- These observations can be explained by Bruininx et al. (2002) , who indicated that it took less time (15 vs. 50 h) for 95% of eaters to initiate the first feed intake postweaning compared with noneaters, and it resulted in a greater ADG and ADFI in eaters in the first week postweaning. Furthermore, we also confirmed that the incorporation of YDM in creep feed increased feed intake in nursing pigs (Exp. 1) and the effect was maintained up to d 21 postweaning when compared with pigs fed CTL or noncreep diets (Exp. 2). The results from the current experiment are in agreement with our previous results (Tran et al., 2012) , which demonstrated that feeding YDM for nursery pigs tended to increase ADFI up to 2 wk postweaning (these pigs did not receive creep feed preweaning). Results from the current experiment are also in agreement with observations of LeMieux et al. (2010) , who reported feeding 5% dried brewer's yeast did not affect preweaning ADG (no creep feed consumption was recorded); however, dried brewer's yeast increased ADG during the first week postweaning when compared with control pigs. Historically, the effects of yeast products on growth performance in pigs have been inconsistent among studies. The current data in nursery pigs indicate that YDM may have positive effects on growth performance. However, our studies in nursing pigs could not confirm these effects. We also noted that feed efficiency of pigs fed the EC treatment during the first week of Exp. 2 was greater than 100% (1,090 g/kg; Table 4 ). This phenomenon could be a result of the dehydration of pigs at weaning and compensatory gain during the first week of the experiment. In Exp. 3 and 4, the observations differed from that of Exp. 1 and 2 and may be a result of several factors. First, dam parity was different among the 2 creep-nursery studies. Parity-4 progeny were used in Exp. 1 and 2, whereas parity-1 progeny were used in Exp. 3 and 4. Research conducted by Carney et al. (2009) and Carney-Hinkle et al. (2013) show that parity-4 progeny had greater growth rate compared with parity-1 progeny. Second, an in-feed antibiotic was included throughout Exp. 1, 2, and 3, but antibiotic was withdrawn after d 7 of Exp. 4. Third, pigs in Exp. 2 (nursery) were selected based on the mean of weaning BW of the respective treatments from the nurs- ing period (Exp. 1), whereas pigs in Exp. 4 (nursery) were selected based on the average of weaning BW of all pigs (regardless of the assigned treatments) in the nursing period (Exp. 3). Therefore, there is a possibility that differences between 2 experiments (Exp. 3 and 4) may be due to the difference in weaning BW, although weaning BW was used as a covariate for analysis of growth data. With respect to microbial diversity, pigs fed EC had greater microbial diversity compared with CTL pigs (Exp. 2). In addition, variation within EC group was greater than those within the NC and CTL groups. It is noteworthy that EC pigs had greater feed intake compared with CTL and NC pigs throughout of this experiment and that could explain the more diverse microbiota in EC group.
Lactobacillus is one of the first species to colonize and is the most dominant bacteria throughout the pig GIT (Leser et al., 2002; Janczyk et al., 2007) . It is well known that Lactobacillus plays an important role in the defense against infection by production of lactic acid (lowers the pH and favors conversion to butyric acid to fuel epithelial cells), by synthesis of various antimicrobial compounds, by competing with pathogenic bacteria for adhesion sites in the intestinal mucosa, and by immune modulation. In the current studies, we observed that the weaning process decreased the total number of lactobacilli in the GIT, perhaps due to the complete withdrawal of sow's milk and low feed intake in the first week postweaning. These results are in agreement with previous reports (Franklin et al., 2002; Janczyk et al., 2007) . The inclusion of milk products in diets for weanling pigs may help to maintain the presence of lactobacilli in the GIT for a longer period of time. In contrast, the inclusion of antibiotics in the diets may eliminate or change the composition of a particular bacterial genus including some Lactobacillus species (Gaskins et al., 2002) .
Although the effects of Lactobacillus on maintaining gastrointestinal health of pigs have been documented (Du Toit et al., 2001; Messaoudi et al., 2013) , the effect on growth performance of pigs requires more research. In other species (rodents and chickens), there is evidence that microbial bile salt hydrolase activity and its effect on deconjugation of bile acids may be responsible for the depression of growth. Specifically, Tannock et al. (1989) reported that Lactobacillus was the main genus that contributes to the total bile salt hydrolase activity in the murine intestinal tract. The deconjugation of bile and formation of secondary bile acids can result in the reduction of fatty acid absorption and impair the growth of animals. In the current studies, we found greater amounts of lactobacilli in pigs that had increased rates of growth (Exp. 2) and no difference in lactobacilli among groups of pigs that had similar rates of growth (Exp. 3 and 4). Indeed, microbial fermentation of lactose and the production of lactic acid can stimulate the production of short-chain fatty acids (particularly butyric acid), which may stimulate the proliferation of epithelial cells in both the small and large intestine (Scheppach, 1994; Piva et al., 2002) , thereby potentially enhancing nutrient absorption in the host. Overall, the growth of pigs may be modulated by other mechanisms than the bile salt hydrolase activity and lactobacilli diversity in the GIT. There are limited studies investigating the effects of creep feeding on composition of lactobacilli and other microbes in pigs. In 1 of the 2 nursery experiments presented herein, where effects of creep feeding and YDM were observed up to 21 d postweaning, we conclude that pigs fed creep feed with or without YDM had increased total lactobacilli when compared with pigs that did not receive creep feed. These results were different from previous studies (Mathew et al., 1994; Shim et al., 2005) , where it was reported that creep feeding did not Table 13 . Quantification of bacterial gene copy numbers of pigs fed yeast-dried milk in the nursing and nursery period (log 10 of bacterial gene copies/ng fecal DNA) and time effects (Exp. 2 to 4).
Experiment
Bacterial group e-g Means in the same rows with different superscripts differ (P < 0.01).
x, y Means in the same rows with different superscripts differ (P < 0.001).
affect total lactobacilli or E. coli in ileal cannulated pigs. However, it is important to note that many differences exist between studies, which could contribute to the discrepancy between results (i.e., complexity of creep diet, antibiotic inclusion, and weaning age). In Exp. 4, there was a switch in Lactobacillus composition but no change in the total gene copy number of this genus in this experiment. The observations from Exp. 4 differed from those of Exp. 2 (Table 9) , where greater total lactobacilli were observed in EC compared with NC pigs but there was no change in L. reuteri and L. johnsonii. We assume that the inclusion of in-feed antibiotic in the current experiment may result in the differences among experiments. Specifically, antibiotic was added in diets throughout Exp. 2, whereas antibiotic was removed from the diets after d 7 of Exp. 4. In addition, the differences on parity of pigs (Exp. 2: parity 4; Exp. 4: parity 1) could result in the variable results between the 2 experiments. These results generally agreed with previous publications (Janczyk et al., 2007) , which indicated that lactobacillus colonized early after birth, decreased at d 5, and increased at d 11 postweaning.
With respect to circulating IgA, we hypothesized that creep feeding may stimulate immune cells within the mucosa to mature earlier because of exposure to in-feed antigens. This stimulation may potentially lead to increased synthesis of IgA in creep-fed pigs as observed in Exp. 2. In contrast, no effect of creep feeding on IgA was observed in Exp. 3 and 4. These results differ with observations from Exp. 2 but agreed with Barnett et al. (1989) , who showed a small effect of creep feeding on immune response to ovalbumin antigen. However, the authors did not measure the creep feed intake in the nursing pigs. Comparing Exp. 1 and 3, we concluded that no differences in creep feed consumption in nursing and nursery pigs (Exp. 3 and 4) likely lead to insignificant changes in the antigen load in the GIT of these pigs. Therefore, no shift in serum IgA concentration was observed.
In conclusion, data from this study suggest that pigs exposed to creep feed containing yeast-dried milk during the nursing period may affect weaning BW, ADG, and ADFI. Total Lactobacillus and its composition may be affected by the incorporation of lactose and yeastdried milk in creep-feed and phase-1 nursery diets. In addition, the amount of creep feed consumption in the nursing period may affect immune maturation and affect the synthesis of IgA in subsequent phases.
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